One of the actual problems of modern agriculture is crop loss due to various biotic and abiotic factors. In plants there is a multicomponent protection system, including the formation of protective barriers, activation the reaction of hypersensitivity and synthesis of antimicrobial peptides, which are low molecular weight compounds showing broad spectrum activity against fungi, bacteria and viruses. This group consists of several groups of peptides, including defensins, which are one of the most common classes of antimicrobial peptides and are detectable in all living organisms. Defensins are small (45-54 amino acids), cysteine-rich peptides involved in a different protective responses (B.P. Thomma et al., 2002). Genes which are coding plant defensins are expressed in different organs of plants, where their products are necessary for biotic and abiotic stresses. Thus, these peptides are extremely important in terms of getting crop lines that are resistant to pathogens and abiotic stresses. Defensins are characterized by a strong sequence variability that seems to correlate with a variety of mechanisms of action of these peptides that can induce pathogen's cell death by penetrating into a cell or by being on its surface (T.M. Shafee et al., 2016). Most of the plant defensins are characterized by the antifungal activity. Some defensins have antibacterial activity, which may be combined with activity against fungi. For a small number of plant defensins their participation in the processes of resistance to heavy metals, cold stress, drought, salinity, and in the development process is indicated. Modern approaches of molecular and computational biology allow an effective search for new forms of defensins activity by studying the wild, non-model plant objects. The development of next-generation sequencing methods («Next Generation Sequencing») make possible the intensive study of the transcriptomes of such objects. However, the correct annotation of the sequences of peptides, characterized by small size and high variability, can be done by usage the special programs, such as SPADA (Small Peptide Alignment Discovery Application) (P. Zhou et al., 2013). SPADA makes multiple sequence alignment of all known paralogous genes within a gene family and builds a predictive model for the search of new members of the same family. Prediction of newly identified active defensins and identification of conserved amino acids can also be performed by computational biology methods. An approach based on a multiple sequence alignment and subsequent cluster analysis allows dividing defensins into groups with similar functional activity (N.L. van der Weerden et al., 2013). Thus, the combination of modern methods of molecular and computational biology allows carrying out the study of this group of protective peptides with high efficiency.
Various damages caused by insects, fungi, viruses or physical factors lead to crop losses. To fight against negative environmental exposure, plants use a multicomponent system that includes a hypersensitivity response, consolidation of protective barriers using cell wall components, activation of the production of immune proteins and antimicrobial peptides [1] . Antimicrobial peptides are the low-molecular compounds (12-95 amino acids), which are synthesized in the cells of all living organisms. The structure and action mechanisms of antimicrobial peptides are much diversified. Plant antimicrobial peptides are divided into several families -cyclotides, defensins, thionines, lipid-carrying proteins, hevealike proteins, etc. [1] [2] [3] .
Plant defensins are small cysteine-rich peptides consisting of 45-54 amino acids. They are located in majority of the Plant Kingdom. Structurally and functionally, defensins of the plants, insects, mammals and fungi are similar [4] [5] [6] . Genes of plant defensins are expressed in different organs, e.g. seeds [7, 8] , leaves [9] , roots [10] , flowers [11, 12] and symbiotic tubercles [13] . There is both constitutive and inducible expression of genes, encoding plant defensins [11, 14] . The main function of defensins is to inhibit fungal disease [8, 11, 15] , but for some peptides there are antibacterial activity [16, 17] , inhibition of trypsin [18] , and participation in the formation of resistance to heavy metals [19] , cold stress [20, 21] , drought [22] , salinity [23, 24] and in developmental processes [25] .
Str uctur e o f p la n t d ef en sin s . Modern studies show that, based on the structural organization, defensins of animals, plants and fungi can be divided into two superfamilies (cis-and trans-defensins) with independent evolutionary descent [26] . In cis-defensins, two parallel disulfide bridges bind the -spiral to -bands, while in trans-defensins similar disulfide bridges are oppositely oriented and are connected with different structural elements. Plant defensins are the main members of cis-defensins family. Using nuclear-magnetic resonance spectroscopy, it was shown that in plant defensins the basis of the molecule is formed by a three-layer element consisting of one -spiral connected with cysteine bridges to -bands (Fig. 1) [7, 8, 27 , 28]. The lines connecting the cysteine residues are disulfide bridges. The spiral and arrows indicate the location of the -spirals and -bands, respectively. Conserved cysteine residues are in bold.
All plant defensins are formed during the processing of precursor proteins, which may not be the same in different species. Defensins with 8 or 10 conserved cysteine residues have been identified in plant organisms. It is supposed that such residues are necessary to maintain the conformation of the molecule, whereas the revealed high variability in functional regions of defensins ensures their specificity related to the targets and determines the diversity of functions of this protein family [26, 29] .
F un ctio n a l cha r a cter istics o f so me d e f e n sins. For most known defensins, antifungal and (or) bactericidal activity is specific. Defensin NaD1 was segregated from the outer cell layers of the decorative tobacco flower Nicotiana alata, which correlates with its protective function in the reproductive organs. In vitro studies have shown that NaD1, presented as a dimer, suppresses the growth of Botrytis cinerea and Fusarium oxysporus [11] . ω-Chordothionine and γ-chordothionine, found in the endosperm of barley grains, inhibit translational activity in both eukaryotic cell-free mammalian systems (lysates of mouse liver cells and rabbit reticulocytes) and prokaryotic systems (Escherichia coli), but do not exert the same effect in relation to translation processes in plant systems [30] . AlfAFP from the seeds of Medicago sativa is antifungal peptide and provides resistance to fungal pathogen Verticillium dahlia in transgenic potato plants [11, 31] . Defensins from Raphanus sativus (RsAFP) are accumulated as the seeds ripen and are released after the integrity of seed membranes is destroyed to create a microenvironment that suppresses the growth of fungi, with a decrement in the elongation of hyphae and their enhanced branching [8, 32] . MsDef1 from M. sativa seeds significantly inhibits the growth of F. graminearum in vitro [33] . These defensins are examples of peptides with 8 conserved cysteine residues. Another subclass (with 10 conserved cysteine residues) includes defensins PhD1 and PhD2 (Petunia hybrida defensin 1 and 2, respectively) isolated from petunia flowers. In their three-dimensional structure, there is an additional disulfide bond [11, 34] , which does not change the conformation as compared to other defensins, but probably gives additional thermodynamic stability [34] . In vitro experiments, PhD1 and PhD2 blocked the growth of F. oxysporum and, in a lesser extent, B. cinerea [11] .
In addition to antifungal activity, some plant defensins have antibacterial properties. Thus, Cp-thionine II, identified in seeds of Vigna unguiculata, acts against Gram-positive and Gram-negative bacteria, Staphylococcus aureus, E. coli and Pseudomonas syringae [16] . Fabatins isolated from Vicia faba beans also inhibit the growth of various bacteria, but are inactive against yeast Saccharomyces cerevisiae and Candida albicans [17] . PsD1 (from Pisum sativum) is an antibacterial peptide that is localized in nuclei of the treated Neurospora crassa cells and interacts with proteins involved in control and termination of cell cycle, for ex-
It is shown that 8 genes of M. truncatula MtDefNS are specifically expressed in nodules formed in symbiosis with Sinorhizobium meliloti, and (with the exception of one gene) are in the chromosome 8, which suggests some specialization of these sequences. Also, most of them are clustered phylogenetically and form a separate clade in relation to other classical defensins [13] . However, the specific function of defensins in symbiotic relationships is unknown by now.
For a small number of defensins, participation in plant adaptation to abiotic factors has been described. Thus, increased concentrations of NaCl influenced the change in expression of genes encoding defensins in Arachis hypogaea [23] and Arabidopsis thaliana [24] . The effect of water deficiency on changes in the expression of genes encoding defensins is shown in Glycine max [22, 36] . Cold also affects the expression of defensin genes [20, 21] . Winter wheat has Tad1 gene, the expression of which is induced specifically under cold stress [21] . The hyper-accumulator of zinc and cadmium, Arabidopsis halleri, has gene, encoding defensin AhPDF1.1, which is actively studied [19, [37] [38] [39] [40] . Expression of this gene in A. thaliana and S. cerevisiae leads to an increase in resistance to zinc, but not to cadmium, cobalt, iron or sodium. A. halleri shows a zinc dependence of the pool of defensins both at transcript and peptide levels. Compared to A. thaliana, A. halleri shows an increase in the defensin amount in seedlings [19] .
Some defensins are involved in a response to several stressors. In Brassica rapa, the expression of the genes encoding defensins BrDLFP and BrBetvAFP was significantly altered at cold stress, drought and salinity [41] . When studying the effect of pre-treatment of arabidopsis plants with nontoxic concentrations of silicon and cadmium on B. cinerea infection, the enhancement of expression of the gene encoding defensin PDF1.2 [42] was shown. Expression of the defensin gene NbDef2.2 in N. benthamiana increases not only after infection of Pseudomonas syringae pv. tabaci, but also in wounding and ethylene treatment [43] . Thus, plant defensins can be components of overlapping re-sponses to abiotic and biotic agents.
Actio n me cha n isms o f p la n t d e f e n sin s. The strong variability of plant defensin sequences seems to correlate with the variety of their action mechanisms [26] . By now, the action mechanisms of defensins with antifungal activity have been thoroughly studied. Plant defensins can interact with specific binding sites (receptors) -components of the target cell membrane, for example, bacterial lipid II, sphingolipids [44] and phospholipids of fungi [45] . In this case, different plant defensins interact with different classes of sphingolipids [46] [47] [48] [49] . Thus, RsAFP2 from the radish binds to the glycosphingolipids of Pichia pastoris and C. albicans [50] . Defensin NaD1 interacts with various phospholipids, but not with sphingolipids [45] . The presence of specific sphingolipids on the surface of the membrane is necessary to mediate the cell death of fungi, since yeast mutants defective in the genes, involved in the synthesis of sphingolipids, are resistant to the defensins that bind them [47, 48, 51] . After interaction with the receptors, the defensins either penetrate the interior of the fungal cell and interact with intracellular targets, or remain on the surface (for example, as MsDef1) and induce cell death by inducing the signal cascade (Fig. 2) [52] . An example of defensin penetrating cell is MtDef4 (see Fig. 2 ). In its sequence, the RGFRRR motif is identified, which apparently serves as a translocation signal necessary for penetration into the fungal cell. When replacing this motif with AAAARR or RGFRAA, MtDef4 loses its ability to penetrate the interior of the cell [53] . Nevertheless, there is no evidence that this sequence is in other plant defensins penetrating fungal cells [52] .
Recently, more and more information has appeared on peptides that cause cell death, stimulating the production of reactive oxygen species (ROS) [54] [55] [56] . The formation of ROS and induction of oxidative stress were observed in target cells at treatment with defensins RsAFP2, DmAMP1 [54] , HsAFP1 [57] and NaD1 [55] . So far, molecular mechanisms of defensin action in abiotic stress remain unknown. This is due to a small number of studies (when compared to the role of defensins in biotic stress), the complexity of such experiments and the fact that defensins vary greatly in both structure and action mechanisms. The works are mostly devoted to the study of activation of certain genes encoding defensins and discussion on their putative role in the resistance to certain factors [39] .
U se of se quen cin g an d b io inf o r ma tic s me tho d s f o r the stud y o f de fe n sin s. The protective properties manifested by defensins make them helpful in crop selection for resistance to various pathogens. Seeking for new forms of activity of defensins in wild plants that do not belong to model ones is also prospective. With the development of NGS (next generation sequencing), it became possible to quickly identify genomes and/or transcripts sequences of many plant species, including non-model ones [58, 59] . At the same time, the problem of the annotation and functional characteristics of sequences obtained becomes urgent [60] . Due to their high divergence in defensins of one group and a limited number of experimentally detected peptides, the commonly used tools for searching similar sequences and gene detection do not mostly provide reliable identification of such short peptides [61] . For reliable detection of genes encoding short peptides, special algorithms are developed. These include SPADA (Small Peptide Alignment Discovery Application). The SPADA algorithm allows finding all related paralogic genes within a gene family, multiple alignments of sequences and construction of a predictive model for searching. In SPADA, several approaches to searching for similar sequences are used, i.e. BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and HMMER (http://hmmer.org/), as well as tools for predicting genes, for example Augustus (http://bioinf.unigreifswald.de/augustus/), which significantly increases the efficiency of annotation of gene families with a large number of members. It is shown that almost all representatives of gene families encoding short cysteine-rich proteins in A. thaliana and M. truncatula are annotated more effectively in SPADA, than in other programs [61] . Thus, SPADA can be successfully used to identify genes encoding defensins, including those of non-model objects.
With the advent of the ability to quickly obtain information about the genome and/or transcriptome of the studied object, and due to the development of algorithms for proper annotation, the number of identified defensinrelated sequences is steadily growing. Within specific groups of peptides, it is necessary to study their biological activity, but a full analysis of the activity of defensins detected by traditional methods has almost never been carried out. Only certain aspects of the action against certain fungi or bacteria have been found out. When analyzing a large number of defensin genes, the methods of computational biology can be used to predict the activity of newly detected peptides and to detect conserved amino acids. Thus, the approach based on multiple sequence alignment and subsequent cluster analysis allowed to separate the defensins of different species, presented in the NCBI database (National Center for Biotechnology Information, USA) into 18 groups [29] . It turned out that defensins from one group possess similar functional activity. It is worth noting that, due to low similarity of the sequences, the comparative analysis of defensins carried out by classical direct sequence comparison may have extremely low efficacy. To align more correctly such complex sets of sequences, special methods based on the barcoding of conserved sections of cysteine sequences [62] should be used. This allows comparative analysis of even very different sequences, including defensins.
The presentation of the results of different research teams in databases with free access increases the effectiveness of research. Thus, using the expression atlases, it becomes possible to identify the expression profile of certain groups of genes. This allows us to estimate the organ or tissue specificity of the expression of a particular gene and its involvement in certain processes [63, 64] .
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